Background: Muscle strength can be affected by body mass index. In the present study, we compared the association between the diabetes mellitus (DM) and muscle strength according to obesity. Methods: We analyzed the association between DM and muscle strength using the Korea National Health and Nutrition Examination Survey 2014 to 2016 data weighted to represent the Korean population aged between 30 and 79 years old. Muscle strength was classified into age-and sex-specific quartiles (Qs) of handgrip strength, with the lowest Q defined as "low muscle strength (LMS). " Results: Muscle strength was positively associated with body mass index in both sexes (P<0.001); the prevalence of obesity increased by 30% in male (odds ratio [OR], 1.300; 95% confidence interval [CI], 1.231-1.373) and 12% in female (OR, 1.122; 95% CI, 1.062-1.185), respectively, per one Q of muscle strength. In contrast, the prevalence of DM decreased as muscle strength increased (OR per one Q, 0.926; 95% CI, 0.862-0.996 in male and OR per one Q, 0.917; 95% CI, 0.854-0.986 in female). LMS was significantly associated with DM even following adjustment for age, sex, family history of DM, abdominal obesity, dyslipidemia, and hypertension (OR, 1.328; 95% CI, 1.133-1.558). Stratified analysis according to obesity status showed that it remained significant only in nonobese populations (OR, 1.513; 95% CI, 1.224-1.870 in nonobese participants and OR, 1.124; 95% CI, 0.879-1.437 in obese participants). Conclusion: LMS was independently associated with DM in the Korean population aged between 30 and 79 years. However, obesity-stratified analysis revealed that it was significant only in the nonobese population.
INTRODUCTION
Sarcopenia increases the risk of not only diverse metabolic diseases including diabetes mellitus (DM) 1,2 but also cardiovascular diseases 3 and long-term mortality. 4 In the last decade, it has been reported that muscle quality as well as muscle mass is important in metabolic health [5] [6] [7] , and the measurement of muscle strength is one easy way to evaluate muscle quality. 8, 9 Muscle strength is significantly associated with metabolic health 6, 7 , low cardiovascular events 10, 11 , and low all-cause mortality. 5, 10 Furthermore, the Health, Aging and Body Composition study, which was designed to determine the role of body composition changes in the risk of poor health outcomes, showed that muscle strength is more important than muscle mass for predicting mortality. 5 Body mass index (BMI) has been reported to be associated with muscle strength in diverse populations: absolute strength is higher in obese versus nonobese individuals [12] [13] [14] [15] 
METHODS

Subjects
The KNHANES is conducted on noninstitutionalized Korean civilians using a stratified multistage probability-based sampling design. 16 To ensure the results best represent the entire Korean population, weights are assigned to each respondent. 17 
Metabolic parameter measurement
The precise methods for the measurement of clinical parameters were reported previously. 18 Briefly, cases of DM were defined as subjects who were using antidiabetic medications including insulin at the time of the survey, had hemoglobin A1c values of 48 mmol/mol (6.5%) or more, or had 8-hour fasting plasma glucose levels of 7.0 mmol/L or more. Hypertriglyceridemia was defined as a fasting triglyceride level of 150 mg/dL or more, while low high-density lipoprotein (HDL) cholesterol was defined as that less than 40 mg/dL and less than 50 mg/dL in male and female, respectively, according to the National Cholesterol Education Program criteria. 19 Additionally, abdominal obesity was defined as a waist circumference of 90 cm or more and 85 cm or more in male and female, respectively 20 , and metabolic syndrome was defined based on the revised Na- 
Measurement of handgrip strength
Handgrip strength was measured three times in each individual both in the dominant and nondominant arms using a digital grip strength dynamometer (TKK 5401; Takei, Tokyo, Japan) which can measure force between 5.0 and 100.0 kg. During the assessment, participants were instructed to stand upright with their feet placed hip-width apart, to look forward with the elbow fully extended, and to squeeze the grip continuously with full force for at least 3 seconds.
The resting time between each measurement was at least 60 seconds.
Muscle strength in each individual was defined as the average of handgrip strength of dominant hand (kg) from three trials, and its quartiles (Qs) were calculated in each sex at every 10 years of age (i.e., 30-39, 40-49, 50-59, 60-69, and 70-79 years). Q1 and Q4
were the lowest and highest Qs of handgrip strength, respectively; Q1 was specifically defined as the subjects with LMS.
Statistical analyses
All data were analyzed using the SPSS version 18.0 (SPSS Inc., Table 1 and Fig. 1 ). LMS was defined as the lowest Q (Q1) of the dominant arm.
RESULTS
Clinical characteristics according to muscle strength
There was no difference in age among individuals in the various handgrip strength Qs (P= 0.101 and P = 0.167 in male and female, respectively) ( Table 2 ). As muscle strength increased, BMI and the prevalence of obesity, hypertriglyceridemia, and metabolic syndrome increased significantly according to crude analysis (P < 0.01) ( Table 2) . By contrast, the prevalence of DM decreased in both sexes (P= 0.039 and P= 0.019 in male and female, respectively) ( Table 2 ).
The prevalence of obesity increased by 30% in male (odds ratio Table 3 ).
As obesity was positively associated with muscle strength in both sexes (Supplementary Table 2 Table 4 ).
In the obese population, age (P < 0.001), male sex (P = 0.024), (Table 3) .
DISCUSSION
In the current study, muscle strength was significantly associated with BMI irrespective of sex. Although high muscle strength positively correlated with the prevalence of obesity, it was significantly associated with a low risk of DM even after making adjustments for risk factors. Obesity-stratified analysis revealed that the protective effect of muscle strength for DM was found only in those without obesity. There was no significant association between muscle strength and DM in the obese population. ; therefore, age-specific definitions of LMS should be considered for the prediction of health outcomes among age-matched populations. We defined age-specific LMS using a nationwide database representative of the Korean population, and found that it had an independent association with DM in the nonobese group.
A previous study using KNHANES data applied a unifying definition of LMS considering the entire population irrespective of age and also found a significant association between LMS and diabetes. 7 The authors 7 used weight-normalized muscle strength; however, the relationship between body mass and muscle strength might be different between obese and nonobese individuals. 15 Furthermore, one's handgrip ability is relatively independent of weightbearing movement, and no difference of absolute handgrip power between obese and nonobese subjects was reported. 15 Interestingly, in the current study, the association between muscle strength and diabetes was significant only in the nonobese population. Obesity is a well-known and strong risk factor for developing diabetes 24 , and it was positively correlated with muscle strength in the current study, which might attenuate the effect of muscle strength on diabetes. Obesity was defined according to BMI in the current study, and BMI is based on body weight. As BMI cannot differentiate between individuals with large muscle mass or large fat mass 25 , some number of those individuals with obesity may in fact have large muscle mass, which attenuates the effect of muscle strength on diabetes in those with obesity in the current study.
However, further stratified analysis according to BMI in those without obesity confirmed that an independent association between LMS and diabetes was only found in those with a BMI of less than 23 kg/m 2 , which also suggests LMS might be more important in those with low BMI.
The current study has several limitations. The first one is its crosssectional nature. We could not determine the causality in the association between LMS and the risk of diabetes because of the combined cross-sectional study design. As skeletal muscle is the primary tissue responsible for insulin-mediated glucose disposal, low skeletal muscle mass reduces insulin-mediated glucose disposal, independent of obesity. The independent association between skeletal muscle and insulin resistance has been confirmed by previous epidemiological 26, 27 and experimental 28 studies. The second limitation is that we had no data on muscle mass. There were no data available on body composition from the 2014 to 2016 KNHANESs. Muscle mass is another important determinant of sarcopenia , and long-term mortality. 4 However, a previous study confirmed that muscle strength is more important than muscle mass for future clinical outcomes 5 , and we successfully showed that an independent association exists between diabetes and LMS in a nonobese population.
In conclusion, LMS was independently associated with DM in a Korean population aged between 30 and 79 years old. Obesitystratified analysis revealed that it was significant only in the nonobese population, which suggests that, even in the nonobese population, LMS might be a risk factor for developing diabetes. Resistance training can be an efficient tool for the prevention of diabetes in the population with normal body weight.
CONFLICTS OF INTEREST
The author declares no conflict of interest. 
SUPPLEMENTARY MATERIALS
